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ABSTRACT 

We present the results of BVRI photometry and classification of 53 unusual asteroids, includ- 
ing 35 near-Earth asteroids (NEAs), 6 high eccentricity/inclination asteroids, and 12 recently- 
identified asteroid-pair candidates. Most of these asteroids were not reportedly classified prior 
to this work. For the few asteroids that have been previously studied, the results are generally 
in rough agreement. In addition to observe and classify these objects, we merge the results from 
several photometric/spectroscopic surveys to create a largest-ever sample with 449 spectrally 
classified NEAs for statistical analysis. We identify a "transition point" of the relative number of 
C/X-like and S-like NEAs at H ~ 18 O D ~ 1km with confidence level at ~ 95% or higher. We 
find that the C/X-likc:S-like ratio for 18 < H < 22 is about two times higher than that of H < 18 
(0.33 ± 0.04 versus 0.17 ± 0.02), virtually supporting the hypothesis that smaller NEAs generally 
have less weathered surface (therefore, less reddish appearance) caused by younger collision ages. 

Subject headings: Techniques: photometric - Minor planets, asteroids: general 



1. Introduction 

The origin of unusual asteroid groups such 
as the ne ar-Earth asteroids (NEAs) and paired- 
aster oids (jVokrouhlickv fc Nesvorn y 2008; iPravec k, 
2009) has raised many research interests over the 
recent years. A good way to understand this mat- 
ter is to spectral ly classify as man y individuals 



Recent studies have suggested that the char- 
acteristics of sub-kilometer-size NEAs may be 
very different from that of kilometer-size NEAs 
(see Irijilling et ah 201dl for an overview), and 



as possible (e.g. iBinzel et al.l 119961 ). Since the 



1980s, about a dozen of photometric and spectro- 
scopic surveys aiming at determining taxonomic 
distributions of asteroids of different categories 
have been carried out (Table [T]) and derived spec- 
tral classifications for a few hundreds of NEAs as 
the result. However, among the > 7, 500 known 
NEAs, high eccentricity/inclination asteroids, and 
a few dozens proposed paired-asteroid candidates, 
the fraction of reportedly classified objects is still 
small (around 5%), the fraction is even lower 
(~ 1%) for those with measured physical char- 
acteristics (albedo, diameter, mineralogy, etc.). 



Vokrouldigkythat nas been noted for a decade is the 
tendency of overabundance of C/X-like (or neu- 
tral colored) aste roids among small size NEAs 
(jRabinowita 1 1998) . Comparing with other issues, 
which generally require fine spectroscopic informa- 
tion and albedo measurement, the issue of over- 
abundance of small C/X-like asteroids is relatively 
easy to work on, since only crude classification is 
required. However, confirmation is unable to be 



made by previous stud ies (such as iDandv et al 



20031 IBinzel et al]|2004l) due to the lack of data of 
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sub-kilometer-size NEAs. 

On the other hand, the recently identified 
paired-asteroi d candidates are likely to be o f com- 
mon origin (|Pravec fc Vokrouhlickvl [2009). It 
could be a convincing evidence to support this 
hypothesis if both components within a pair are 
proved to have identical classification, but how- 
ever physical observations are lacking for almost 
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all paired- asteroid candidates until now. 

The method combining visual/near- infrared 
spectroscopy and thermal infrared measurement is 
preferred among all practical ground-based meth- 
ods as it provides highest accuracy as well as most 
complete information of a target in most cases, but 
however it is also very time consuming and gener- 
ally requires medium or large telescopes. By con- 
trast, broad-band BVRI photometry only allows 
crude classification, but it is more efficient than 
spectroscopy as it does not require as much times 
and efforts as the latter, and the result can be 
useful for preliminary diagnose purpose. In this 
study, we employed this method to investigate 
some selected unusual asteroids. Most of these as- 
teroids had not been reportedly classified prior to 
the observational phase of this work. Description 
of the observation procedure, data reduction and 
details of classification is presented in Section 2 
and 3. We then compared and merged our results 
with other reported studies to assess the result 
consistency between ours and others (Section 4.1) 
and investigate the degrees of consistency with 
theoretical expectations (Section 4.2 and 4.3). 

2. Observation 

The Lulin One-meter Telescope (LOT) at Lulin 
Observatory, Taiwan, was employed for this study, 
except for one asteroid, 2008 EV5, which was ob- 
served with the 0.41-m telescope of the same ob- 
servatory. The 0.41-m telescope observations for 
2008 EV5 were made in January 2009 with the 
2048 x 2048 U42 CCD, while the LOT observa- 
tions were all made during the observation runs in 
the dark period of January 2010 except (143651) 
2003 QO104, which was observed in April 2009, 
with the 1340 x 1300 PI-1300B CCD and a 0.5 x 
focal reducer. A broad-band Bessell BVRI fil- 
ter system was used on both telescopes, with the 
wavelengths centered at 442, 540, 647 and 786 nm 
respectively. 

Landolt standard stars (Landolt 19921 ) are pre- 
ferred in optical photometry because they can 
guarantee highest accuracy (better than 0.01-0.02 
mag) in most cases. However, as Landolt stan- 
dard stars are only available to a very limited re- 
gion, in most occasions one needs to know the at- 
mospheric extinction coefficient by observing stan- 
dard stars in different airmass to work on targets 



locate far from Landolt fields. As we were un- 
able to observe sufficient Landolt standard stars 
to get a secure extinction coefficient through ev- 
ery observin g night, an al ternative approach in- 
troduced by IWarnen ( 20071 ) is employed. Warner 
applied third-order polynomials on his optical ob- 
servations of 128 carefully-chosen Landolt stan- 
dard stars to find the conversion terms between 



the 2MASS JHK system (jSkrutskie et all I2006D 
and the Landolt system, the errors of Warner's 
method are 0.034 for B — V and V-I and 0.021 for 
V — R as indicated in his paper. The field-of-view 
for LOT and the 0.41-m telescope are 22' x 22' and 
47' x 47' respectively, which are large enough to 
include sufficient 2MASS catalog stars for setting 
up a good in-field transformation. To assess the 
accuracy of Warner's method, we observed a few 
stars in M67 (NGC 2682) and derived their col- 
ors following the procedure described by Warner, 
then compared th em with another h igh precision 
VRI photometry (jTavlor et alj|2008j) . The result- 
ing accuracy is better than 0.02 mag in V — R and 
V-I (Table El). 

The targets are all observed with an airmass 
of X < 2 with the predicted visual magnitude 
brighter than 19.0. Observational details as well 
as basic information of each target are shown in 
Tables [3] and |4] as for NEAs/high eccentricity (in- 
clination) objects and paired-asteroid candidates. 
The exposure sequence for all targets is B-R-V- 
I to minimize the error produced by significant 
brightness variation. Image frames are then bias- 
subtracted and flat-fielded, and the fringing effects 
in /-band images are also removed. 

The raw observations are then inspected manu- 
ally to exclude the bad cases, such as the target as- 
teroid crossing over or passing very close to back- 
ground stars, or low signal-to-ratio (SNR) caused 
by unstable weather conditions. Photometric 
measurements are then performed with Warner's 
software MPO Canopus. At least ten background 
stars with known 2MASS magnitudes are used to 
derive the transformation coefficient between in- 
strumental magnitude and standard magnitude 
for each field. In very few cases, the limited num- 
ber of background stars cannot guarantee a good 
transform to be derived, so the coefficients derived 
from observations obtained in the same night with 
a similar airmass (AX <~ 0.05) are used instead. 
Although each target was planned to be observed 
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3-5 times, various reasons (such as target/star 
encounter, unstable weather, and/or instrument 
problems) may prevent us to do so, and for some 
targets only one observation of each filter was ob- 
tained. These results shall be used with care. 

3. Classification 

Observations of 53 asteroids were obtained and 
reduced following the procedure described in Sec- 
tion 2, including 35 NEAs0, 6 high eccentric- 
ity/inclination asteroids, and 12 main-belt paired- 
asteroid candida tes. The objects are then classi- 



fied using the iDandv et al.l (120031) ' s derivation of 
the Tholen taxonomy ( Tholeij|l984l ) , intent for op- 
tical broad-band photometrjQ We note that the 
spectral appearances of C-, B-, F-, G- and X-class 
are fairly close, making it difficult to classify them 
uniquely by broad-band photometry, so all objects 
with colors similar to these classes are considered 
as X-class. The only exception is that the object 
shown to be particularly blue (B — V <C 0.75) and 
can be tentatively considered as B-class with some 
confidence. 

For each object, the second central moment 
about the B — V, V — R and V — I magnitudes 
from the typical colors for each taxonomic class 
are computed, and the class with minimum sec- 
ond central moment is assigned as the object's 
class. In some cases, the error range of the col- 
ors have covered more than one class and/or the 
second central moment of several classes are very 
close, so multiple classes are assigned to this object 
with the first class being most probable. In two 
cases [(13732) Woodall and (228747) 2002 VH3], 
only a very crude classification (C/X-like or S-like) 
can be made due to low-quality observations (see 
Section 4.3 for details). When the second central 
moment of the most probable class for a particular 
object is large (~> 0.003), a "(it)" (uncertain) is 



1 We have also obtained BV magnitude for (143947) 2003 
YQ117 and BVRI magnitude for (214088) 2004 JN13, sug- 
gesting R/S and A-type classification for these two objects, 
but however as the raw images suffered from bad seeing con- 
ditions resulting in uncertainty at the level of 0.2 mag, so 
these two measurements are excluded in our formal result. 

2 It should be noted that Dandy et al.'s derivation was used 
for their KPNO B and Harris VRI filter system, which is 
slightly different (the differences on wavelength centers are 
up to 2.5%) from the Bessell BVRI system applied in this 
study. 



appended to indicate that this classification may 
be uncertain. 

The colors and the classifications for the ob- 
served NEAs/high eccentricity (inclination) aster- 
oids and paired- asteroid candidates observed in 
this study are shown in Tableland Table[6]respec- 
tively. Classification and/or albedo measurement 
from previous work is also given if available. We 
note that a total of four objects were observed in 
different nights, color measurements across these 
nights with different calibration stars are found to 
be consistent. Measurements from each night are 
listed separately illustrate the accuracy and con- 
sistency of our work. 

4. Discussion 

4.1. Comparisons with previous works on 
NEA colors 

Following the procedure described in Section 
2 and 3, we have derived color indices and clas- 
sifications for 35 NEAs, including 17 Amors, 13 
Apollos and 5 Atens. Among the sample, a total 
of eight NEAs were reportedly classified by pre- 
vious surveys; it has been found that our classi- 
fications are generally consistent with them. In 
addition, we note that a total of six NEAs in our 
sample were also obser ved by recently-cond ucted 
Warm-Spitzcr program (|Trilling et alil2010h . with 
uncertainties around a factor of 2 unless otherwise 
specified (see Section 5.3.4 of their paper). Al- 
though Warm-Spitzer derives albedo of the NEAs 
and does not classify them directly, its observation 
can be a good addition to broad-band photome- 
try, especially when the classification is ambigu- 
ous. Each case of these cross-observed NEAs is 
discussed below. 

(5604) 1992 FE The V — R and V — I colors 
measured from our observation suggested V-, Q- 
, C- or R-type classification, with V-type to be 
most likely. This is consis t ent w ith the classifica- 
tion made bv lBinzel et al. | (|2004l) in spectros copy. 



Warm-Spitzer observation (|Trilling et al 



3". 

Albedo measurement by iDelbo et al.l (12003) and 



20101 ) 



also suggest a high albedo that support a V-type 
classification. 
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(5653) Camarillo The S- and S q-type classifi- 
cation suggested by Dandy et al. and lde Leon et al 
are consistent with the S-type classification 
suggested by our observation. 

(21088) 1992 BL2 de Leon et al. suggested a 
Sl-type classification which is consistent with the 
S-type classification suggested by our observation. 

(38086) Beowulf Warm-Spitzer reported an 
albedo of 0.37 for this object. This is a rough 
match to our R-type classification according to 
the debiased m ean albedo estimates for R-type 
NEAs given by IStuart fc Binzell (|2004) . which is 
0.340. However, we need to point out that Stuart 
& Binzel was actually using the average albedo 
of main-belt asteroi ds derived from the work of 
Tedesco et al. (2002). as no albedo measurements 
of any R-type NEAs had been reported (See Sec- 
tion 1.4, Paragraph 3 and Footnote 1 in their 
paper for details), hence this comparison can be 
misleading. 

(5 4789) 2001 MZ 7 Near-infrared spectroscopy 

by lLazzarin et all (|2005l) reported (54789) 2001 
MZ7 to be an X-complex a s teroid while BVRI 
photometry by iBetzler et all (|201dh suggested G- 
type classification. These two results are consis- 
tent with the X-type classification made in this 
study, since the degenerate X-type includes the C 
and G types. The color indices we measured also 
match with Betzler et al.'s within 0.03 mag. 

(56048) 1998 XV39 Our observation sug- 
gested an R-type classification while Sa-type sug- 
gested both by Lazzarin et al. and de Leon et 
al. by spectroscopy. We note that (56048) 1998 
XV39 appears redder than typical S-type aster- 
oids in our observation (0.770 ± 0.045 in V — I 
magnitude versus the criteria of 0.889). As the 
redness of Sa-type asteroid is more close to that 
of R-type asteroid than to typical S-type asteroid 



DcM eo et aiT 2009. Figure 15), it can be con- 



(see 

sidered that our observation is in good consistency 
with the two spectroscopic observations. 

(137805) 1999 YK5 Our observation sug- 
gested an R- or Q-type classification which is in- 



consistent with the X-type classification by Binzel 
et al. by spectroscopy. 

(137925) 2000 BJ19 Our observation of this 
object suffered from low SNR, so the colors we 
measured cannot distinguish it from S-, T- or D- 
type classification, with S-type to be most likely. 
Binzel et al. suggested a Q-type classification for 
this object by spectroscopy, which is consistent 
with our S-type suggestion. 

(138937) 2001 BK16 Our observation showed 
that (138937) 2001 BK16 to be slightly blue, with 
B - F=0.648 ± 0.067. Since the upper limit al- 
lowed by our error is B — 1^=0.71, which is within 
the range of X-class, we classify this object as X 
rather than the rare B-type. Warm-Spitzer obser- 
vation yielded an albedo of 0.2, which can barely 
be matched with the albedo estimates for C- or 
X-type (debiased mean albedo of 0.101 for C-type 
and 0.072 for X-type as given by Stuart & Binzel). 

(143651) 2003 QO104 Our observation sug- 
gested an R-type classification for (143651) 2003 
QO104, this is consistent with the S-type sug- 
gested by Hicks a nd R- or S-type s uggested by 
Betzler et al. (see Betzler et al. 2010l ). The color 
indices we measured matched with Betzler et al.'s 
within 0.02 mag. On the other hand, Warm- 
Spitzer observation indicated an albedo of 0.13 for 
this object. Considering the debiased mean albedo 
for R- and S-type NEAs given by Stuart & Binzel 
to be 0.340 and 0.239 respectively, an S-type clas- 
sification for this object might be more appropri- 
ate. However, as have mentioned earlier, we do 
not know the true mean albedo for R-type NEAs, 
so the exact classification for this object is still an 
open question at this moment. 

(159402) 1999 AP10 Our observation sug- 
gested S-type classification for this object, but 
there is a ~ 0.1 mag difference in B — V mag- 
nitude from the typical color. Meanwhile, it has 
been reported that (159 402) 1999 AP10 to be 
an L or S-type asteroid ( Betzler et al. 2010l ) by 
spectroscopy and broad-band photometry. The 
difference between our and Betzler et al.'s obser- 
vation of B — V magnitude is about 0.12 mag, 
while V — R and V — I colors matched to 0.02 
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mag. Warm-Spitzer program gave an albedo es- 
timate of 0.34, which does not oppose our S-type 
suggestion as the mean albedo for S-type NEAs 
was found to be 0.239 by Stuart & Binzel. In ad- 
dition, the error bar a for mean albedo determi- 
nation of S-type NEAs is ±0.044 as given by the 
authors, corresponding to an average dispersion 
of ±0.15 considering there are 12 S-type NEAs 
used to determine the mearJl, we can see that the 
Warm-Spitzer measurement mostly overlaps the 
albedo range of S-type NEAs. 

(162998) 2001 SK162 The B — V and V - 

R magnitudes derived from our observation sug- 
gested X- or V-type classification, while X-type is 
more likely. There is a rough consistency between 
our X-type suggestion and Binzel et al.'s T-type 
classification. 

2002 LV Our observation suggests an X- or Q- 
type classification for this object, with Q-type to 
be more likely. On the other hand, observation 
from Warm-Spitzer suggested an albedo of 0.15. 
This does not resolve the ambiguity, since the un- 
certainty range covers the mean albedos for C-, 
X-, and Q-type NEAs by Stuart & Binzel, which 
is 0.101, 0.072, and 0.247 respectively. However, 
considering that the average dispersions for each 
of the three complexes are 0.06, 0.06 and 0.15 re- 
spectively, we may conclude that a Q-type classi- 
fication is the most probable classification for this 
object, since the uncertainties from both sources 
could have largest intersection under such a justi- 
fication. 

2007 MK13 Colors derived from our observa- 
tion fall between the typical colors of X- and T- 
type asteroids, with X-type classification to be 
more likely. Considering we have combined C- 
and X-cl ass together, our classi fication is consis- 
tent with lHicks fc Somersl ( 2010f )'s C-type classifi- 
cation. 



3 As calculated by D(x) = cr\/ N — 1 where D(x) is the av- 
erage dispersion. 



4.2. Statistical analysis with the results 
from other photometric and spectro- 
scopic surveys 

To compare the similarities and differences be- 
tween the results of some recently-conducted pho- 
tometric and spectroscopic NEA surveys, we in- 
clude the results fr om several sur v eys as listed in 



Table CD includ i ng Ide Leon et al.l (l2010l). SINEO 



(lLazzarin et~all 120051). SMASS (iBus fe Bhrzel 
l2002t iBinzel et all JgOoi). iDandv et al.l (|2003f )T 



and lAngeli fc Lazzarol ~|2002R The classifica- 
tion results are firstly consolidated into several 
taxonomic complexes based o n the scheme sug- 
gested by iBinzel et al. ( 2004 ) to allow the frac- 
tional abundances detected by each survey to be 
comparable (Table [7]). In addition, the taxonomic 
complexes are further consolidated into two gen- 
eral categories, "C/X-like'H and "S-like", in order 
to determine the ratio of C/X-like and S-like ob- 
se rved by each survey. C onsidering the definition 
bv lMorbidelli et a! ( 2002^ . we consider the aster- 
oids of class A, O, Q, R, S, U, and V as "S-like" 
while the asteroids of class C and D as "C/X- 
like" . The degeneracy of X-complex is a problem 
since it includes members with diverse physical 
properties. As we don't have the fine physical 
data for each X-complex member, we consider the 
assumption of a dark-to-bright ratio (equivalent 
with our C/X-like:S-like ratio, as we have argued 
and presumed above) of 0.45 among X-complex 



4 The result of lFevig fc Finkl d2007l> is excluded as they are 
using a different taxonomy than Tholen's or Bus-DcMeo's. 

5 We see the need to use the "C/X-like" concept, instead of 
the "C-like" concept as used in many other papers to-date, 
to avoid interference over the "dark/bright" issue (which 
should primary rely on albedo information) , although these 
two concepts are, in fact, equivalent with each other. 

6 The classification method applied by Morbidelli et al. is 
actually dividing the asteroids into "dark" (corresponding 
to the "C/X-like" group in our study) and "bright" (cor- 
responding to the "S-like" group in our study). However, 
some NEAs in their sample were classified based on taxo- 
nomic classification rather than real albedo. As the corre- 
lation between spectroscopic information and the target's 
albedo is still not well understood, we still apply a "C/X- 
like versus S-like" pattern that emphasizing the trend in 
color rather than a "dark-bright" pattern that emphasizes 
albedo. To simplify our following discussions, we also con- 
sider the results coming from a "dark-bright" pattern (as 
applied by the studies mainly based on spectroscopic data, 
such as Morbidelli et al.'s and Binzel et al.'s) to be quanti- 
tatively equivalent with the results from "C/X-like versus 
S-like" pattern. 
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NEAs as given by iBinzel et al 



(|2004ft base on 
the albedo-taxonomy correlation of 22 X-complex 
NEAs. For the two photometric surveys (ours and 
Dandy et al.'s), things are more complicated since 
C- and X-complex cannot be distinguished, so we 
consider the relative number of C- and X-complex 
members among NEAs to be ~ 0.5 as determined 
by Binzel et al., resulting a C/X-like:S-like ratio of 
(0.5 + 0.45)/(l - 0.45) w 1.73 in the combined C- 
and X-complex for the two photometric surveys. 
Finally, the objects with several possible classi- 
fications are excluded to avoid inducting further 
uncertainty. 

As illustrated in Table the surveys agree on 
a dominate position of silicate composed asteroids 
(Q-, R-, S- and V-type). The fractions of each 
complex tend to be close on a larger sample n, 
suggesting that the fraction differences among the 
surveys are primary caused by random errors in 
observational sampling. 

An interesting feature to look at is that the 
C/X-like:S-like ratio appeared to be magnitude 
dependent. The surveys with H < 17 (de Leon et 
al.'s, Michelsen et al.'s, and Angeli & Lazzaro's) 
all have the ratio smaller than 0.1, while the oth- 
ers all have the ratio larger than 0.1, suggesting 
a trend of more C/X-like asteroids at a larger H 
(s maller size). T his ph e nomenon has bee n note d 
bv iRabinowitzl (1 19981) . r " 
iDandv et all (|2003f ) and 



Morbidcll i et alj (12 002) , 



Binzel et all (|2004h . but 



no decisive conclusion were carried out due to lack 
of data among large H (small size) asteroids. By 
contrast, Morbidelli et al. suggested that the ra- 
tio should slightly decrease with a larger H due to 
observational bias effect and base on model pre- 
diction (see Section 2 of their paper), which is op- 
posed to the implication of Table |8l 

To investigate this matter further, we merge all 
data together, creating a large dataset with 449 
NEAs (with 434 NEAs with H < 22 and 382 
NEAs with H < 20), and grouped them into one- 
magnitude-wide bins. For each magnitude bin, 
the C/X-likc:S-like ratio is computed base on the 
scheme described above. The result is listed in 
Table M 

Comparing the result with Morbidelli et al.'s 
study, which has included 183 NEAs with H < 20, 
the ratio variation from magnitude to magnitude 
between the two studies is similar: a lower C/X- 
like :S- like ratio on H < 18 and a higher ratio on 



H > 18 <^> D < 1km, which agrees the implica- 
tion of Table [8] To check the statistical signif- 
icance of this phenomenon, we divide the whole 
sample into two groups by an H — 18 cutoff, with 
the sample n of each group to be 246 (H < 18) 
and 203 (H > 18) respectively, and perform a x 2 
test on the two groups. It has been shown that 
the distributions of two groups are different at a 
confidence level of 99.5%, which is large enough 
to be considered as statistically significant. Al- 
though our treatment of the C/X-like:S-like ratio 
of the X-complex may induct some uncertainty, 
we note that even we consider a ler uncertainty of 
the numbers of X-complex members to be "C /X- 
like" (assuming random observation errors) for 
both H < 18 and H > 18, for which the numbers 
of X-complex members considered as "C/X-like" 
would be 10 ± 3 and 17 ± 4 respectively, the mini- 
mum possible confidence level is still shown to be 
~ 95%. What is more, we notice that the C/X- 
like:S-like ratio we derived is 0.17 ±0.02 for NEAs 
with H < 18, which is in a good match of the 
model prediction of 0.18 according to Morbidelli 
et al, implying our treatment of the X-complex 
members with H < 18 would lead to a good match 
with the model. However, things are no longer 
that case when it comes to an H < 20 cutoff line, 
for which our estimate of the C/X-like:S-like ra- 
tio is shown to be 0.22 ± 0.02, about 3-7% higher 
than Morbidelli et al.'s model prediction (0.17). 
It is noteworthy that we have to consider all X- 
complex members with 18 < H < 20 to be "S- 
like" as in an extreme situation for a compatible 
ratio with the model prediction (0.18 versus the 
model's 0.165 ± 0.015). In addition, our estimate 
of C/X-like:S-like ratio for 18 < H < 22 (sample 
n = 187 comparing with n ~ 50 for 18 < H < 20 
in Morbidelli et al.'s sample) is 0.33 ± 0.04. In 
all, it is plausible to say that a transition point of 
C/X-like:S-like ratio exists at H = 18 in our sam- 
ple, which is consistent with the hypothesis that 
small asteroids generally have younger collision 
age and tend to be less weathered (t hus, less red- 
dish/ neutral colored) than large ones ( Binzel et al.l 



1998), hence leads to the overabundance of C/X- 



like asteroids in small NEAs. 

Morbidelli et al. suggested a factor of ~ 1.4 
between observed and true C/X-like:S-like ratio 
caused by the phase angle effect at discovery. As- 
suming that this number remains quasi-constant 
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for different H, we will get a true C/X-likc:S-likc 
ratio of 0.24 for asteroids with H < 18, which is 
in a good match with Morbidelli et al.'s model 
(0.25 ± 0.02). However, for H > 18, the true ratio 
can be as high as 0.5 in our sample. 

4.3. Discussion of the paired-asteroid can- 
didate observations 

Because of the constraints of the target observ- 
ability, only two pairs were with both components 
observed, they are (1979) Sakharov vs. (13732) 
Woodall and (11842) Kap'bos vs. (228747) 2002 
VH3 respectively. Unfortunately, we were unable 
to obtain complete color indices for either pairs: 
for the first pair, (13732) Woodall is suffered from 
instrument problems so the V — I magnitude is 
missing, while (228747) 2002 VH3 was just pass- 
ing near a 4.5 mag star when the observation was 
taken for the second pair, so we are only able to 
make a very crude classification for these two ob- 
jects. In general, both components of both pairs 
are classified as S-like asteroid, providing a weak 
evidence of the common-origin hypothesis as ex- 
pected. 

5. Conclusion 

Our efforts have added the spectral data of 
some tens of interesting asteroids into knowledge. 
For the few asteroids that had been reportedly 
classified, our results are generally in rough agree- 
ment, indicating the goodness of our work. 

Further to observing and classifying the as- 
teroids, we also examined the matter of over- 
abundance of C /X-like (neutral colored) asteroids 
among small size NEAs, a phenomenon that had 
previously been noted by several studies without 
a decisive conclusion. In a largest-ever sample we 
created from merging results from several photo- 
metric/spectroscopic surveys with 449 spectrally 
classified NEAs in total, we identify a "transition 
point" of the C/X-likc:S-like ratio among NEAs 
at-ff~18<^>-D^ 1km with statistical confi- 
dence level at 95% or higher. The C/X-like:S-like 
ratio for NEAs with H < 18 is estimated to be 
0.17 ± 0.02 as measured in this sample, which is 
in good match with previous model prediction by 
Morbidelli et al.; while the ratio for NEAs with 
18 < H < 22 is estimated to be 0.33 ± 0.04, about 
two times higher than that for H < 18 and be- 



ing inconsistent with model prediction. However, 
this finding supports the hypothesis that asteroids 
with less reddish appearances are more abundant 
among small size NEAs than large ones due to 
younger collision ages and less weathered surface. 
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Table 1 

Some photometric/spectroscopic NEA surveys conducted over the recent decade 



Publication Observation period NEA sample size Method 



de Leon et al. C2010") 


2002-2007 


77 


VIS/NIR a spectroscopy 


Fevie & Fink < 20071 


1997-1998, 2004 


55 


VIS spectroscopy 


Michelsen et al. ( 20061 


2003 


12 


VIS spectroscopy 


SINEO (Lazzarin et al. 20051 


2002-2004 


36 


VIS/NIR spectroscopy 


SMASS CBinzel et al. 2004; Bus & Binzel 20021 


1994-2002 


310 


VIS spectroscopy 


Dandv et al. (20031 
S 3 OS' J (Angeli & Lazzaro 20021 


2000-2001 


56 


Broad-band BV RI Z photometry 


1996-2001 


12 


VIS spectroscopy 



a VIS stands for visual channel (about 390-750nm) while NIR stands for near-infrared channel (about 700-3, 000nm) 

b Although the study is labeled as visual and near-infrared spectroscopy in the publication, it only covers the near-infrared channel 
to l.OOOnm. so it is considered as visual spectroscopy in this summary. 



Table 2 

Comparison on the VRI phot ometry of M67 (NGC 2682) between this work and 

~~ (I2008T ) 



Taylor et al 



Star 


V - R by Taylor ct al. 


V - I by Taylor et al. 


Date observed 


Airmass 


V — B. by this study 


V — I by this study 


NGC 2682 F132 


0.350 ± 0.003 


0.679 ± 0.006 


2010-01-12 


1.69 


0.336 ± 0.011 


0.676 ± 0.023 








2010-01-13 


1.34 


0.342 ± 0.003 


0.677 ±0.007 


NGC 2682 151 


0.336 ± 0.003 


0.671 ± 0.007 


2010-01-12 


1.69 


0.331 ± 0.016 


0.651 ± 0.024 








2010-01-13 


1.34 


0.334 ± 0.007 


0.655 ± 0.010 



Table 3 

Observational details of the observed NEAs and high eccentricity/inclination objects 



Object 


H 


Orbit 


Date observed 


Vobs 


Exp. time 


Cycle 


Tot. time 


(5604) 1992 FE 


i ft 

10 


.4 


ATE 


2010-1-13 


19.4 


60s 


5 


40min 


(5653) Camanllo 


10. 


A 

.4 


AMO 


A A 1 /A -1 1 iA 

2010-1-13 


18.5 


60s 


5 


40min 


(16868) 1998 AK8 


1 ft 
10 


.0 


UNU 


a a 1 r\ -\ -\ tA 

2010-1-13 


17.3 


30s 


3 


16min 


/ c\ /A O /A iA \ 1 \ j • 1 •11 

(20898) Fountainnills 


1 i 
1 1 


n 
u 


UNU 


2010-1-8 


14.7 


60s 


5 


39min 


(21088) 1992 BL2 


1 A 

I*! 


9 


AMO 


A A -I /A -1 /A 1 *A 

2010-1-8,13 


17.4,17.4 


60s, 60s 


5,5 


39min,40min 


(24761) Ahau 


1 7 
1 1 


A 

,4 


APO 


AA 1 A 1 

2010-1-8 


15.6 


20s 


3 


15 min 


(35432) 1998 BG9 


1 Q 

iy 


q 


AMO 


AA1 A -I I O 

2010-1-13 


18.9 


30s 


3 


24min 


(38086) Beowulf 


1 7 
1 / 


i 

. 1 


APO 


AA-I A -I 1 

2010-1-13 


18.2 


30s 


2 


11 min 


(54789) 2001 MZ7 


I*! 



.o 


AMO 


(A/A 1 /A 1 <A 

2010-1-8 


14.6 


30s 


5 


30min 


/^^nM \ 1 /A /A /A /" i i , a 

(66251) 1999 GJ2 


1 7 
1 / 


n 


AMO 


tA (A 1 (A -| 1 O 

2010-1-13 


18.2 


90s 


2 


18min 


(68216) 2001 CV26 


1 ft 
10 


q 


A 1 "» ( A 

APO 


(A/A 1 /A 1 <~> 

2010-1-8 


17.6 


30s 


3 


22min 


(86067) 1999 RM28 


10 


,4 


AMO 


(A/A 1 /A 1 (A 

2010-1-8 


17.1 


30s 


3 


17min 


(96177) 1984 BC 


i ft. 

10 


.U 


UNU 


(A (A 1 (A 1 -| >A 

2010-1-13 


17.7 


2 min 


5 


58min 


(99248) 2001 KY66 


10 




APO 


A A 1 /A -1 -| (A 

2010-1-13 


19.0 


90s 


4 


39min 


(103067) 1999 XA143 


1 ft 

10 


ft 
.0 


APO 


AA 1 A 1 

2010-1-8 


16.8 


30s 


5 


30min 


(122180) 2001 KV43 


1 i 


q 
o 


AMO 


2010-1-10,12 


18.1,18.3 


3min,3min 


5,2 


56min,37min 


(137805) 1999 YK5 


1 ft 
10 


ft 
.0 


ATE 


2010-1-8 


17.5 


30s 


5 


30min 


(137925) 2000 BJ19 


10 


.8 


APO 


2010-1-10,12 


19.0,18.7 


60s 


5,5 


22min,14min 


/ -\ <A iA /A <A ^7 \ fcA /A / A ^ 1 \ T T -i s~* 

(138937) 2001 BK16 


1 7 
1 / 


q 


APO 


£A/A"1 /A -1 1 A H rt 

2010-1-10,12 


17.4,17.7 


30s, 30s 


5,3 


22min,7min 


(143651) 2003 QO104 


1 ft 
10 


n 

.u 


AMO 


2009-4-24 


16.6 


60s 


9 


59min 


/ 1 P7 A C~\ \ -1 /A /A iA \ 7" I "> 1 £-\ 

(152742) 1998 XE12 


1 Q 

iy 




ATE 


tA / A ~t iA -t 1 A i A 

2010-1-10,12 


1 A A 1 A A 

18.2,18.0 


30s, 30s 


5,5 


22min,14min 


/ 1 iA * /A i A \ 1/A/A/A A 1A 1 /A 

(159402) 1999 AP10 


1 ft 

10 


n 
u 


AMO 


AA1 A 1 

2010-1-8 


15.7 


30s 


5 


30min 


/ 1 I I c\ 1' 1 ' \ C\ t \ t \ t \ TA T iA A 

(162566) 2000 RJ34 


10 


o 


AMO 


(A /A 1 /A -I -I (A 

2010-1-12 


18.9 


60s 


5 


39min 


(162998) 2001 SK162 


1 7 
1 / 


y 


AMO 


2010-1-10 


18.6 


60s 


3 


17min 


(230111) 2001 BE10 


iy 


. i 


ATE 


2010-1-10,12 


17.7,17.7 


20s, 20s 


1,3 


2min,28min 


2002 LV 


16 


.6 


APO 


2010-1-9 


18.1 


60s 


5 


40min 


2003 SM4 


15 


.4 


UNU 


2010-1-9 


19.0 


90s 


3 


28min 


2004 NZ8 


16 


.1 


UNU 


2010-1-9 


18.3 


2 min 


5 


58min 


2004 TB18 


17 


.8 


APO 


2010-1-12 


18.2 


20s 


4 


21 min 


2004 XD50 


18 


.5 


AMO 


2010-1-9 


17.6 


30s 


4 


24min 


2005 EN36 


17 


.2 


UNU 


2010-1-8,9 


17.5,17.5 


2min,2min 


1,5 


6min,58min 


2005 MC 


16 


.6 


AMO 


2010-1-8 


16.5 


30s 


3 


18min 


2006 UR 


19 


.4 


AMO 


2010-1-8 


16.4 


30s 


2 


11 min 


2006 YT13 


18 


.4 


APO 


2010-1-10 


18.1 


20s 


5 


20min 


2007 MK13 


20 


.0 


APO 


2010-1-8 


17.2 


30s 


3 


43min 


2007 UR3 


21 


.2 


AMO 


2010-1-9 


17.7 


60s 


5 


39min 


2008 EV5 


20. 


.0 


ATE 


2009-1-4 


14.7 


20s 


5 


lOmin 


2008 YZ32 


20 


.1 


APO 


2010-1-9 


17.3 


20s 


5 


15 min 


2009 UV18 


16 


.0 


AMO 


2010-1-9 


18.3 


30s 


5 


30min 


2009 XR2 


18 


.6 


AMO 


2010-1-9 


16.5 


30s 


3 


17min 


2010 AE30 


23 


.6 


APO 


2010-1-9 


18.5 


60s 


2 


39min 
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Table 3 — Continued 



Object H Orbit Date observed V b s Exp. time Cycle Tot. time 



Note. — The absolute magnitude H for each object is obtained from the Minor 
Planet Center Orbit Database (MPCORB). The orbit types are classified as follows: 
Main-belt Asteroids (MBA), Atens (ATE), Apollos (APO), and Amors (AMO). Aster- 
oids with e > 0.4 and/or i > 40° but not fall into the category of NEAs (q < 1.3) are 
classified as unusual objects (UNU) . The visual magnitude V b s given here is the mean 
value of the F-band observations. 
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Table 4 

Observational details of the observed paired-asteroid candidates 



Object 


H 


Companion 


Date observed 


v ob3 


Exp. time 


Cycle 


Tot. time 


(1979) Sakharov 


13.5 


(13732) Woodall a 


2010-1-12,13 


18.8,18.8 


90s, 90s 


1,1 


7min,5min 


(2110) Mooro-Sitterly 


13.8 


(44612) 1999 RP27 


2010-1-10 


18.4 


2min 


5 


42min 


(4765) Wasscrburg 


14.1 


2001 XO105 


2010-1-9 


16.9 


60s 


3 


23min 


(5026) Martos 


12.9 


2005 WW113 


2010-1-10 


18.6 


60s 


1 


llmin 


(11842) Kap'bos 


13.8 


(228747) 2002 VH3 a 


2010-1-9 


18.5 


60s 


5 


39min 


(13732) Woodall 


14.4 


(1979) Sakharov" 


2010-1-10 


18.7 


90s 


4 


29min 


(15107) Tocppcrwein 


14.3 


2006 AL54 


2010-1-10,12 


18.5,18.5 


2min,2min 


5,2 


43min,9min 


(25884) 2000 SQ4 


14.6 


(48527) 1993 LCI 


2010-1-10 


18.5 


150s 


2 


14min 


(52852) 1998 RB75 


14.6 


2003 SC7 


2010-1-12 


18.7 


5min 


5 


115min 


(54041) 2000 GQ113 


14.5 


2002 T0134 


2010-1-10 


18.6 


2min 


2 


12min 


(56048) 1998 XV39 


15.0 


(76148) 2000 EP17 


2010-1-10,12 


17.4,18.4 


3min,3min 


5,5 


54min,37min 


(228747) 2002 VN3 


16.5 


(11842) Kap'bos" 


2010-1-9 


18.8 


2min 


3 


33min 



Note. — The absolute magnitude H for each object is obtained from the Minor Planet Center Orbit Database (MPCORB). 
The visual magnitude V bs given here is the mean value of the V-band observations. 
a The companion of this object is also observed in this study. 



Table 5 

Photometry and classification results of observed NEAs and high 
eccentricity/inclination objects 



yy uj i_>i_> l 


n v. ■ a 
ljqxc oDscrvcQ 


Vobs 


„. , , . . . 

l^l£LSS ^tlllS WOTKy 


r rcvious class 


B — V 


V — R 


V — I 


j^t 1 ULUU 


(5604) 1992 FE 


2010-1-13 


19.4 


VQXR 


ya 




0.439 ± 0.077 


0.679 ± 0.083 


0.38-0.69 b 


(5653) Camarillo 


2010-1-13 


18.5 


s 


Sq° 


0.985 ± 0.062 


0.465 ± 0.050 


0.893 ± 0.048 




(16868) 1998 AK8 


2010-1-13 


17.3 


s 




0.908 ± 0.031 


0.443 ± 0.014 


0.857 ± 0.002 




(20898) Fountainhills 


2010-1-8 


14.7 


X 




0.767 ± 0.008 


0.428 ± 0.010 


0.826 ± 0.008 




(21088) 1992 BL2 


2010-1-8 


17.4 


s 


sr 


0.972 ± 0.048 


0.490 ± 0.006 


0.913 ± 0.015 




2010-1-13 


17.4 






0.919 ± 0.055 


0.438 ± 0.014 


0.907 ± 0.028 




(24761) Ahau 


2010-1-8 


15.6 


s 




0.835 ± 0.023 


0.469 ± 0.008 


0.872 ± 0.002 




(35432) 1998 BG9 


2010-1-13 


18.9 


A 






0.547 ± 0.030 


0.913 ± 0.045 




(38086) Beowulf 


2010-1-13 


18.2 


R(u) 




0.999 ± 0.020 


0.447 ± 0.018 


0.645 ± 0.098 


0.37 b 


(■547891 9001 M7,7 

i jtii oci i- ivi zj i 


2010-1-8 


14.6 


X 


X d G° 


n 7n7 4- n 01 1 




711 4- n 002 




(66251) 1999 GJ2 


2010-1-13 


18.2 


S 


Sa c ', Sa° 


0.976 ± 0.088 


0.448 ±0.036 


0.844 ± 0.021 




(68216) 2001 CV26 


2010-1-8 


17.6 


R 




0.916 ± 0.036 


0.479 ± 0.007 


0.811 ± 0.025 




(86067) 1999 RM28 


2010-1-8 


17.1 


S(u) 




0.996 ± 0.069 


0.499 ± 0.018 


0.881 ± 0.021 




(96177) 1984 BC 


2010-1-13 


17.7 


s 




0.864 ± 0.045 


0.484 ± 0.018 


0.921 ± 0.019 




(99248) 2001 KY66 


2010-1-13 


19.0 


ST 




0.865 ± 0.048 


0.455 ± 0.041 


0.998 ± 0.072 




(103067) 1999 XA143 


2010-1-8 


16.8 


S 




0.925 ± 0.029 


0.458 ± 0.011 


0.878 ± 0.009 




(122180) 2001 KV43 


2010-1-10 
2010-1-12 


18.1 
18.3 


S 




0.894 ± 0.067 


0.508 ± 0.036 


0.915 ± 0.072 




(137805) 1999 YK5 


2010-1-8 


17.5 


RQ 




0.908 ± 0.035 


0.390 ± 0.051 


0.704 ± 0.036 




(137925) 2000 BJ19 


2010-1-10 


19.0 


STD 


Q a 


0.756 ± 0.135 


0.508 ± 0.079 






2010-1-12 


18.7 










0.915 ± 0.072 




(138937) 2001 BK16 


2010-1-10 
2010-1-12 


17.4 
17.7 


X 




0.648 ± 0.067 


0.369 ± 0.034 


0.565 ± 0.082 


0.21 b 


(143651) 2003 QO104 


2009-4-24 


16.6 


R 


RS° 


0.903 ± 0.008 


0.454 ± 0.011 


0.797 ± 0.019 




(152742) 1998 XE12 


2010-1-10 
2010-1-12 


18.2 
18.0 


RS 




0.898 ± 0.100 


0.460 ± 0.062 


0.825 ± 0.043 




(159402) 1999 AP10 


2010-1-8 


15.7 


S(u) 


S f 


0.983 ± 0.023 


0.485 ± 0.007 


0.868 ± 0.009 


0.34 b 


(162566) 2000 RJ34 


2010-1-12 


18.9 


X 




0.755 ± 0.136 


0.400 ± 0.032 


0.836 ± 0.047 




(162998) 2001 SK162 


2010-1-10 


18.6 


XV 


rpa 


0.822 ± 0.139 


0.386 ± 0.018 






(230111) 2001 BE10 


2010-1-10 


17.7 


R 




0.929 


0.420 






2010-1-12 


17.7 






0.982 ± 0.087 


0.496 ± 0.035 


0.870 ± 0.095 




2002 LV 


2010-1-9 


18.1 


QX 




0.772 ± 0.144 


0.425 ± 0.039 


0.719 ± 0.046 


0.15 b 


2003 SM4 


2010-1-9 


19.0 


V 






0.387 ± 0.052 


0.602 ± 0.055 




2004 NZ8 


2010-1-9 


18.3 


X 




0.704 ± 0.085 


0.404 ± 0.027 


0.707 ± 0.028 




2004 TB18 


2010-1-12 


18.2 


AS 






0.510 ± 0.084 


1.000 ± 0.138 




2004 XD50 


2010-1-9 


17.6 


R 




0.927 ± 0.030 


0.458 ± 0.005 


0.791 ± 0.025 




2005 EN36 


2010-1-8 


17.5 


X 




0.701 


0.356 


0.697 






2010-1-9 


17.5 






0.737 ± 0.016 


0.369 ± 0.010 


0.681 ± 0.014 




2005 MC 


2010-1-8 


16.5 


X 




0.752 ± 0.022 


0.413 ± 0.010 


0.766 ± 0.010 




2006 UR 


2010-1-8 


16.4 


R 




0.969 ± 0.097 


0.434 ± 0.060 


0.754 ± 0.053 




2006 YT13 


2010-1-10 


18.1 


AR 




1.042 ± 0.088 


0.475 ± 0.057 






2007 MK13 


2010-1-8 


17.2 


XT 


c f 


0.783 ± 0.016 


0.414 ± 0.010 


0.838 ± 0.019 




2007 UR3 


2010-1-9 


17.7 


X 




0.631 ± 0.054 


0.381 ± 0.025 


0.603 ± 0.044 




2008 EV5 


2009-1-4 


14.7 


X 




0.722 ± 0.033 


0.363 ± 0.010 


0.702 ± 0.010 




2008 YZ32 


2010-1-9 


17.3 


B 




0.535 ± 0.032 


0.207 ± 0.055 


0.507 ± 0.012 





Table 7: Summary of cons olidated tax o nomic 



clas ses bases on the works of iBinzel et al.l ([2004) 
and lStuart fc Binzell (|2004) 



Taxonomic complex 



Includes 



A 
C 
D 


Q 

R 

S 

u 

V 
X 



A 

C, Cb, Cg, Cgh, Ch, B, F, G 
D,T 

O 
Q, Sq 
R 

S, Sa, Sk, SI, Sr, Sv, K, L, Ld 
U 
V 

X, Xc, Xe, Xk, E, M, P 



Table 9: Counts of C/X-like, S-like, or X-complex 
categories in each magnitude bins as well as the 



corresponding 


C/X-like:S-like ratio 






Mag bin 


C/X-likc 


S-like 


X-complex 


C/X-likc:S-like ratio 






(numbers 


assigned to C/X-like) 




< 14.00 


1 


11 


0(0) 


0.09 


14.00-14.99 


3 


19 


5(2) 


0.23 


15.00-15.99 


1 


43 


3(1) 


0.04 


16.00-16.99 


14 


65 


4(2) 


0.24 


17.00-17.99 


6 


61 


10(5) 


0.17 


18.00-18.99 


12 


44 


15(7) 


0.37 


19.00-19.99 


10 


39 


9(4) 


0.32 


20.00-20.99 


9 


21 


7(3) 


0.48 


21.00-21.99 


1 


15 


5(2) 


0.17 


> 22.00 


1 


12 


3(1) 


0.14 
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Table 5 — Continued 



Object 


Date observed 


V oba 


Class (this work) 


Previous class B — V 


V - R 


V - I Albedo 


2009 UV18 


2010-1-9 


18.3 


A 


0.967 ± 0.094 


0.520 ± 0.019 


0.957 ± 0.052 


2009 XR2 


2010-1-9 


16.5 


R 


0.908 ± 0.017 


0.484 ± 0.008 


0.724 ± 0.031 


2010 AE30 


2010-1-9 


18.5 


S 


0.862 ± 0.090 


0.461 ± 0.010 


0.845 ± 0.011 



IBus fc Binzell ll2002f ): [Binzel et al.l 1120041 1 

' iTrilling et~all (1201011 

Ide Leon et~aH (1201011 

^Lazzarin et al.l j2005B 

IBetzler et"7I] 1 120101) 

jHicks fc Somersl 1 120101) 



NOTE. — The visual magnitude V b s given here is the mean value of the V-band observations. Albedos given by reference b all have uncertainties 
around a factor of 2. 



Table 6 

Photometry and classification results of observed paired-asteroid candidates 



Object 


Companion 


Date observed 


v oh3 


Class (this work) 


B - V 


V - R 


V - I 


(1979) Sakharov 


(13732) Woodall 


2010-1-12 


18.8 


S(t») 




0.407 


0.922 






2010-1-13 


18.8 




1.086 


0.411 




(13732) Woodall 


(1979) Sakharov 


2010-1-10 


18.7 


S-like 


0.864 ± 0.147 


0.468 ± 0.068 




(2110) Moorc-Sitterly 


(44612) 1999 RP27 


2010-1-10 


18.4 


R 


0.956 ± 0.034 


0.517 ± 0.033 




(4765) Wasscrburg 


2001 XO105 


2010-1-9 


16.9 


R 


0.852 ± 0.043 


0.456 ± 0.023 


0.813 ± 0.040 


(5026) Martcs 


2005 WW113 


2010-1-10 


18.6 


SRQV 


0.863 ±0.042 


0.440 ± 0.047 




(11842) Kap'bos 


(228747) 2002 VH3 


2010-1-9 


18.5 


R 


1.011 ± 0.088 


0.453 ± 0.013 


0.792 ± 0.027 


(228747) 2002 VH3 


(11842) Kap'bos 


2010-1-9 


18.8 


S-like 


0.704 ± 0.154 


0.480 ± 0.057 


0.829 ± 0.111 


(15107) Tocppcrwcin 


2006 AL54 


2010-1-10 


18.5 


A(u) 


0.876 ± 0.079 


0.492 ± 0.027 








2010-1-12 


18.5 








1.016 ± 0.021 


(25884) 2000 SQ4 


(48527) 1993 LCI 


2010-1-10 


18.5 


XT 


0.709 ± 0.055 


0.432 ± 0.014 




(52852) 1998 RB75 


2003 SC7 


2010-1-12 


18.7 


S 


0.891 ± 0.083 


0.488 ± 0.035 


0.908 ± 0.079 


(54041) 2000 GQ113 


2002 T0134 


2010-1-10 


18.6 


SRQ 


0.871 ± 0.073 


0.459 ± 0.027 




(56048) 1998 XV39 


(76148) 2000 EP17 


2010-1-10 


17.4 


R 


0.874 ± 0.039 


0.476 ± 0.035 




2010-1-12 


18.4 








0.770 ± 0.045 



Note. — The visual magnitude V bs given here is the mean value of the V-b&nd observations. The pairs those with both companions observed are 
listed in bold characters. 



Table 8 

Fractional abundances of each taxonomic complex and apparent C/X-like:S-like ratio as 
analyzed from the results of several photometric/spectroscopic studies 



a. axonomic complex 


_L HIS WOIK 


Hn T.nrin et al (VClId^^ 

UL IjLUU LI dl. \ iO L\l 1 


1V11L 11 1_ L ell. ^ &V)\)\) } 


T a77ann nf al ( 0(\r\K\ 

J.J ctXZj Zj tl 1 111 LI cLl . ^ Z, V M ' ) ) 


Rin^pl pt al (9004^ 
jjiii^ci Li ai . \ iuu^ J 


i^aiiuy LL dl. \ iUUO 1 


A r ! T I 


Method 


Photometry 


Spectroscopy 


Spectroscopy 


Spectroscopy 


Spectroscopy 


Photometry 


Spectroscopy 


Sample n 


25 


77 


12 


36 


310 


51 


12 


~H 


17.2 


16.1 


15.7 


17.6 


17.8 


17.4 


14.6 


A 


8% 


3% 


0% 


3% 


~ 0% 


0% 8% 




C 




1% 


0% 


11% 


7% 


34% b 


0% 


D 


0% 


0% 


8% 


0% 


3% 


0% 


0% 


O 


0% 


4% 


0% 


0% 


2% 


0% 


0% 


Q 


0% 


25% 


0% 


8% 


26% 


25% 


17% 


K 


28% 


0% 


0% 


0% 


~ 0% 


14% 


0% 


S 


36% 


58% 


92% 


58% 


40% 


22% 


58% 


u 


0% 


0% 


0% 


0% 


1% 


0% 


0% 


V 


0% 


8% 


0% 


0% 


5% 


2% 


8% 


X 


24% b 


3% 


0% 


11% 


15% 




8% 


C/X-likc:S-like ratio 


0.14 


0.01 


0.09 


0.27 


0.21 


0.21 


0.04 



a Mars-crossers in the sample have been removed in this comparison. 

b Thc fraction of C-complex includes the contribution from B-, C-, E- and X-complcx. 



